A. oryzae RIB128 + " " " " " A. niger IAM2561 + ± " " " " A. kawachii IFO4308 + ± " " " " A. shirousamii RIB2052 + " " " " " A. sojae RIB1045 + ± " " " " A. tamarii IAM2052 + " " " " " A. ‰avus IFO30537 + " " " " " A. parasiticus IAM13888 + " " " " " A. nidulans FGSC89 + " " " " " A. terreus IFO30537 + " " " " " A. fumigatus TIMM1776 + " " " " " M. anka RIB5202 + ± " " " " T. reesei IFO31326 + " " " " " P. citrinum IFO7784 + + + + + + F. solani IFO9425 + + + + + + Conidial suspensions were prepared from a CD plate culture. They were spread on CD plates containing PT (0.05¿10 mg W l) and cultivated for 5 d at 309 C. A pyrithiamine (PT) resistance gene ( ptrA) was cloned from a PT resistant mutant of Aspergillus oryzae and was useful as a dominant selectable marker for transformation of all A. oryzae wild type strain as well as A. nidulans. For further study, we examined whether or not ptrA could be used as the transformation marker in other species ofˆlamentous fungi. Two types of plasmid, which contain ptrA as a selectable marker, were constructed, and the transformation experiments were done with them. One is an integrative plasmid, pPTRI, and another is the autonomously replicating plasmid pPTRII, which contains AMA1. PT-resistant transformants were obtained in the cases of A. kawachii, A. terreus, A. fumigatus, and Trichoderma reesei as hosts with pPTRI and pPTRII. Furthermore, a b-glucuronidase (GUS) gene was introduced into A. kawachii and A. fumigatus using pPTRII. Almost all the transformants turned blue on GUS assay plates. These results indicate that ptrA can also be used for some otherˆlamentous fungi besides A. oryzae and A. nidulans.
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Asprergillus ; Trichoderma; dominant selectable marker Pyrithiamine (PT), a potent antagonist of thiamine, [1] [2] [3] [4] inhibits the growth of Aspergillus oryzae eŠectively, although this species is insensitive to various drugs. In our previous paper, we reported the cloning and characterization of the PT resistance gene ( ptrA) from an A. oryzae PT resistant mutant.
5)
Consequently, we have developed a host-vector system for A. oryzae using ptrA as a dominant selectable marker. This system has the great advantage of the possibility of using this A. oryzae strain without a genetic marker as a host. In this report, we describe the further application of this novel system for some otherˆlamentous fungi.
To select the strains used in transformation experiments, we measured the minimum inhibitory concentration (MIC) of PT in each kind ofˆlamentous fungus (Table 1 ). After cultivation of each strain on a Czapek-Dox (CD)-plate (0.6z NaNO 3 , 0.052z KCl, 0.152z KH2PO4, 0.052z MgSO4 ・7H 2 O, and 1z glucose, pH 6.5) at 309 C for 5 to 10 d, conidial suspensions were prepared and they (1×10 5 spores) were spread on CD plates containing various concentrations of PT (0.05¿10 mg W l). Then, the MIC of PT in each strain was measured. As shown in Table 1 , most of the strains, except for Penicillium citrinum IFO7784 and Fusarium solani IFO9425, were sensitive to more than 0.1 mg W l PT. So we attempted to prepare protoplasts from these PT sensitive strains. Protoplast preparation from each strain was done by the method of Gomi et al. 6) with a slight modiˆcation according to each strain. The growth media for the host strain was CD-broth or CD-broth containing 0.8 M NaCl. In the case of A. oryzae RIB128, A. nidulans FGSC89, A. kawachii IFO4308, A. terreus IFO30537, A. fumigatus TIMM1776, and Trichoderma reesei IFO31326, su‹cient amounts of pro- Fig. 1 . Structures of the Plasmid, pPTRI and pPTRII.
pPTRI was constructed by insertion of the 2.0-kb PCR amplied ptrA fragment from pPTR 5) to the SspI stie of pUC119. pPTRII was constructed by insertion of the 5.2-kb HindIII fragment containing the AMA1 from ARp1 7) to the NaeI site of pPTRI.
Fig. 2. Introduction and Expression of GUS Gene in A.
kawachii and A. fumigatus.
(A) Appearance of PT-resistant transformants on the regeneration plate containing 0.1 mg W l PT. A. kawachii and A. fumigatus transformed with pPTRII-GUS (right) and with no plasmid (left) were regenerated at 309 C for 10 d.
(B) The expression of GUS gene in the PT-resistant transformants. PT-resistant transformants with pPTRII-GUS were chosen at random and cultivated on GUS assay plates (CD minimal plate containing 0.1 mg W l PT, 1z dextrin, and 50 mg W ml X-gluc) for 10 to 15 d at 309 C. GUS-producing transformants formed blue colonies on this kind of plate. a Number of transformants W mg plasmid DNA. Transformation was done using the protoplast-forming method. Transformants were regenerated on CD medium contains 0.1 mg W 1 PT, 1z glucose, and 0.8 M NaCl for 8 to 10 d at 309 C.
toplasts were obtained relatively easily. Whereas on the other strains, too little were obtained to estimate their transformation e‹ciency. So we used the former 6 strains for transformation experiments.
To transform the 6 strains above mentioned, two types of plasmid with the ptrA as a selectable marker were constructed as follows; The 2.0-kb PCR-amplied fragment containing the ptrA was inserted into the SspI site of pUC119, yielding pPTRI (Fig. 1) . The 5.2-kb HindIII fragment containing the AMA1 from the plasmid ARp1 7) was blunted and inserted into the NaeI site of pPTRI, yielding pPTRII (Fig. 1) . The pPTRI and pPTRII were used as an integrative and an autonomously replicating plasmid, respectively. Each strain was transformed with pPTRI and separately with pPTRII. PT-resistant transformants appeared on the regeneration medium, which contained 0.1 mg W l PT, following incubation of 5 to 15 d, but no colonies were regenerated in the control experiment with no plasmids. Only in the case of A. kawachii, very small colonies appeared as background in the control experiment, but their growth was very restricted in the presence of PT, so that transformants were distinguishable from the background growth. As shown in Table 2 , the transformation e‹ciencies of A. kawachii, A. terreus, and A. fumigatus were less than A. oryzae. On the other hand, the transformation e‹ciency of T. reesei was approximately equal to that of A. oryzae. Furthermore, as shown in Fig. 2A, A. kawachii and A. fumigatus were transformed with pPTRII-GUS, which was constructed by inserting the 2.5-kb PglaAuidA-TamyB fragment from pSal-GlaP-GUS, 8) into the SmaI site of pPTRII. Transformants were grown on GUS assay plates (CD minimal plate containing 0.1 mg W l PT, 1z dextrin, and 50 mg W ml 5-bromo-4-chloro-3-indolyl glucuronide (X-gluc.)) for 10 to 15 d at 309 C. GUS-producing transformants turned blue but the host strain remained white under these growth conditions. Almost all the PT-resistant transformants of A. kawachii and A. fumigatus turned blue (Fig. 2B) . These results indicate that ptrA is also usable as a dominant selectable marker for transformation of these strains, besides A. oryzae. In conclusion, we guess that ptrA can be widely used for the selection of transformants in the various species of PT-sensitiveˆlamentous fungi not used in this study.
